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BIAXIALLY ORIENTED POLYLACTIC ACID
FILM WITH HIGH BARRIER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. provisional
application No. 61/012,645, filed on Dec. 10, 2007, the entire
content of which 1s incorporated herein by reference.

FIELD OF THE INVENTION

This 1invention relates to a multi-layer biaxially oriented
polylactic acid (BOPLA) film with a novel formulation which
exhibits improved barrier properties, particularly for mois-
ture vapor transmission barrier, aiter metallizing.

BACKGROUND OF THE INVENTION

Biaxially oriented polypropylene (BOPP) films used for
packaging, decorative, and label applications oiten perform
multiple functions. For example, in laminations they can pro-
vide printability, transparent or matte appearance, and/or slip
properties. They can further be used to provide a surface
suitable for receiving organic or morganic coatings for gas
and moisture barrier properties. They can also be used to
provide a heat sealable layer for bag forming and sealing, or
a layer that 1s suitable for recerving an adhesive either by
coating or laminating.

However, 1n recent years, interest 1in “greener” packaging
has been developing. Packaging materials based on biologi-
cally derived polymers are increasing due to concerns with
renewable resources, raw materials, and greenhouse gases.
Bio-based polymers are believed—once fully scaled-up—+to
help reduce reliance on petroleum, reduce production of
greenhouse gases, and can be biodegradable. The biodegrad-
able aspect 1s of interest to many snack manufacturers so as to
provide litter abatement 1n addition to a lower carbon foot-
print package. Bio-based polymers such as polylactic acid
(PLA)—which 1s currently derived from corn starch (but can
be dertved from other plant sugars) and thus, can be consid-
ered to be derived from a renewable or sustainable resource—
1s one of the more popular and commercially available mate-
rials available for packaging film applications. Other bio-
based polymers such as polyhydroxyalkanoates (PHA) and
particularly, polyhydroxybutyrate (PHB), are also of high
interest.

There are several manufacturers of oriented PLA films, 1n
particular biaxially oriented PLA, but none of them provides
a satisfactory moisture barrier property when metallized. For
example, Celplast Metallized Products, Ltd.”s Enviromet™
high barrier metallized PLA film typical data sheet describes
a product that exhibits an oxygen barrier of 6.2 cc/m>/day (at
23° C., 50% relative humidity or RH) but a relatively poor
moisture barrier of 3.1 g/m*/day (at 38° C., 90% RH) as
compared to typical metallized biaxially oriented polypropy-
lene films.

For such a bio-based polymer to be useful for snack food
packaging applications, it 1s desirable that the bio-based poly-
mer film match as many of the attributes possible that BOPP
1s well-known for, such as heat sealability, printability, con-
trolled COF, metallizability, barrier, etc. In particular, for high
barrier packaging, metallized oriented PLA films should
demonstrate good oxygen and moisture barrier properties.
For metallized oriented PLA 1n particular, good oxygen bar-
rier property 1s generally easily achieved due to the polar
nature of PL A, which provides good hydrogen-bonding of the
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polymer molecules. However, this polar nature tends to be
detrimental for achieving high moisture barrier. Without
being bound by any theory, the thought 1s that water mol-
ecules—being polar themselves—may more easily migrate
through a polar polymer film than a non-polar polymer film.

High barner metallized BOPP such as Toray Plastics
(America), Inc.”s PWX3 product typically demonstrates oxy-
gen barrier of 15.5 cc/m*/day (23° C., 0% RH) and moisture
barrier of 0.155 g/m*/day (38° C., 90% RH). Another manu-
facturer of barrier PLA film, Alcan Packaging Inc., produces
a silicon oxide coated PLA film under the tradename Cera-
mis® whose typical data sheet shows an oxygen barrier of
7.75 cc/m?*/day (23° C., 50% RH) and moisture barrier of 7.75
g/m*/day (38° C., 90% RIH). Biofilm S. A. promotional lit-
erature (such as presented at the “Innovation Takes Root”
conference hosted by Nature Works LLC at Las Vegas, Nev.
Sep. 16-18,2008) discusses transparent barrier PLA films
demonstrating 3-10 g/m~/day (38° C./90% RH) using various
vacuum chamber deposition processes. Vacuum deposition of
metal on top of these transparent barrier layers (e.g. silicon
oxide, aluminum oxide, or other coatings) to improve mois-
ture barrier properties 1s costly due to the multiple processing
steps required.

U.S. patent application Ser. No. 10/400,056 publication
number 2004/0191541 A1 describes a multi-layer metallized
film comprising a polyolefin core layer (typically of polypro-
pylene), a polyolefin-based tie-layer on one side of the core
layer, and a metal receiving layer of PLA on the tie-layer
opposite the core layer side. The PL A layer 1s metallized. Gas
barrier property of this metallized film 1s very good, with the
examples citing moisture barrier as 0.054-0.093 g/m*/day
(38°C., 90% RH) and oxygen barrier as 1.09-1.24 cc/m>/day
(23° C., 0% RH). However, such a film formulation is prima-
rily based on petrochemicals (such as polypropylene or
copolymers thereot), being 96-98 wt % of the total film struc-
ture. PLA bio-polymer 1s only 2-4 wt % of the film. Thus,
such a film cannot claim to be a “sustainable” film, being
made from a majority amount of petroleum-based resins ver-
sus bio-based resins, and also will not be biodegradable.

U.S. Pat. No. 7,128,969 describes a film composed of a
base layer of PLA with a minority component of a thermo-
plastic or polyolefin such as polypropylene or polyethylene,
typically less than 1% by weight of the base layer. Such a
formulation 1s particularly suitable for thermoforming or
biaxial stretching by means of pneumatic drawing or other
mechanical forming. In addition, the use of polyolefin addi-
tives such as polypropylene or polyethylene will cause
incompatibilities with the polylactic acid polymer resulting 1n
a hazy film appearance. The mnvention does not contemplate
such a structure or formulation for metallizing or for high
barrier applications. Nor does it contemplate multi-layer film
designs utilizing polyolefin-based metal recerving layers
wherein the majority component of such a layer 1s polyolefin
and not PLA.

EP Patent 01385899 describes a multi-layer film design
using a PLA base layer formulated with a cyclic polyolefin
copolymer (COC) as a cavitating agent to produce an opaque
biaxially oriented PL A film. This patent does not contemplate
metallization of such a film with superior gas and moisture
barrier properties, nor such a film with a polyolefin, non-PLA
metal receiving layer.

EP Patent 01385700 describes a biaxially oriented PLA
film with good antistatic properties by incorporating anti-
static additives such as glycerol monostearate (GMS) 1nto the
base layer of PLA. However, the invention does not contem-
plate such a structure or formulation for metallizing or for
high barrier applications. Nor does i1t contemplate multi-layer
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f1lm designs utilizing polyolefin-based metal receiving layers
wherein the majority component of such a layer 1s polyolefin

and not PLA.

U.S. Pat. No. 7,354,973 describes a polylactic acid com-
position of 60-97 wt % of PLA and about 3-40 wt % of an
cthylene copolymer impact modifier of 20-95 wt % ethylene,
3-70 wt % of an olefin of the formula CH,—C(R")CO,R”
where R' is hydrogen or an alkyl group with 1-8 carbon atoms
and R~ is an alkyl group with 1-8 carbon atoms, and 0.5-25 wt
% of an olefin of the formula CH,—C(R*)CO,R* where R” is
hydrogen or an alkyl group with 1-6 carbon atoms and R* is
glycidyl. This composition has been found to be suitable as a
toughened composition for injection molding applications to
prevent brittleness. However, the invention does not contem-
plate such a structure or formulation for metallizing or for
high barrier applications. Nor does it contemplate multi-layer
f1lm designs utilizing polyolefin-based metal receiving layers

wherein the majority component of such a layer 1s polyolefin
and not PLA.

U.S. Pat. No. 7,368,160 describes biaxially oriented mul-
tilayer coextruded polylactic acid films with a PLA skin layer
containing 0.05-0.6% of crosslinked polymer antiblock par-
ticles. However, the invention does not contemplate such a
structure or formulation for metallizing or for high barrier
applications. Nor does it contemplate multi-layer film
designs utilizing polyolefin-based metal recerving layers
wherein the majority component of such a layer 1s polyolefin
and not PLA.

The mmventors seek to address the above 1ssues of making
high gas and moisture barrier metallized BOPLA films.

BRIEF SUMMARY OF THE INVENTION

Described are multi-layer biaxially oriented polylactic acid
(BOPLA) films that include novel formulations which exhibit
improved barrier properties, particularly for moisture vapor
transmission barrier, after metallizing. This high barrier for-
mulation combines a polyolefin-based metal recerving layer
with a PLA core layer to improve metallized moisture and
oxygen barrier as well as maintain degradability under certain
environmental and aging conditions.

One embodiment 1s a method for improving and achieving,
high moisture barrier properties with metallized oriented
PLA films while maintaining a high percentage of sustain-
able, bio-based resin content, and maintaining degradable
properties, as well as maintaining a reasonable economical
process. The imnventors have found a solution whereby a multi-
layer film design incorporates a polylactic acid polymer base
layer, use of a polyolefin-based tie-resin with polar function-
alities, and a polyolefin-based metal receiving layer which,
when metallized, provides improved moisture barrier prop-
erties, maintains a majority composition of bio-polymer 1n
the total film construction and 1s degradable under biodegra-
dation or composting environmental conditions. Preferably,
the total film construction includes at least 50 wt %, at least 75
wt %, or at least 90 wt % or more bio-polymer, for example,
PLA.

Another embodiment 1s a multi-layer laminate film a first
layer including a crystalline PL A resin-containing blend and
a second skin layer including a substantially polyolefin resin-
containing blend on one side of the crystalline PLA layer. The
first crystalline PLA resin-containing blend layer may be
considered a core or base layer to provide the bulk strength of
the laminate film. The first PLA core layer may be a blend of
crystalline PLA homopolymer and can be combined with an
amount of tie-layer or compatibilizing resin which 1s poly-
olefin-based and has polar functional groups.
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The first PLA-based resin core layer may also include other
optional ingredients such as an amount of ethylene-acrylate
copolymer that can act as a processing aid to enable high
transverse orientation rates of up to 8-11x. Without such a
processing aid, transverse orientation rates would be on the
order of 3-5x. The first PLA core layer may also include an
optional amount of amorphous PLA blended with the crys-
talline PLA as well as an optional ethylene-methacrylate
copolymer. The first PLA-based resin core layer may also
include various additives such as antiblock particles to allow
for easier film handling.

The second skin layer may primarily include a polyolefin
such as polypropylene or a copolymer of propylene, or blends
thereof. This skin polyolefin-based skin layer may also
include an amount of tie-layer or compatibilizing resin. This
tie-layer or compatibilizing resin may be polyolefin-based
and have polar functional groups. This provides for adequate
bonding of this skin layer to the PLLA core layer. In addition,
the second polyolefin-based resin skin layer may also include
various additives such as antiblock particles to allow for
casier film handling.

Furthermore, as another embodiment, the laminate may
further include a thuird skin layer that primarily includes a
PLA-containing resin. This third skin layer may be located on
the first PLA resin-containing core layer opposite the side
with the polyolefin skin layer for use as a laminating layer or
heat sealable layer. As a laminating layer, this third layer of
this laminate may include either an amorphous PLA or a
crystalline PLA, or blends thereof, and can be discharge-
treated and contain various additives such as antiblock par-
ticles to allow for easier film handling. As a heat sealable
layer, 1t 1s preferred to use an amorphous PLA resin which
provides heat sealable properties. Again, this layer may con-
tain various additives such as antiblock particles to allow for
casier film handling.

Preferably, the first PLA resin-containing core layer
includes a crystalline polylactic acid homopolymer of about
90-100 wt % L-lactic acid units (or 0-10 wt % D-lactic acid
units ). Preferably, this layer includes at least 40 wt %, at least
S0 wt %, at least 70 wt %, or at least 90 wt % PLA, preferably
the PLA 1s crystalline PLA. The tie-layer resin can include a
maleic anhydnde grafted or maleic anhydride copolymerized
polyolefin resin 1n an amount of 0-20 wt % of the core layer.
Other polar functionalized tie-resins may also be utilized. An
optional amount of amorphous PLA may also be blended 1n
with the crystalline PL A from 0-48 wt % of'the corelayer. The
amorphous PLA 1s also based on L-lactic acid units but has
greater than 10 wt % D-lactic acid units and/or meso-lactide
units (which includes one each of L and D lactic acid residu-
als). An optional amount of the ethylene-acrylate copolymer
component of the core layer formulation 1s from about 2-10
wt % of the core layer. If no third layer 1s coextruded with the
core layer, it 1s also contemplated to add to the core layer
antiblock particles of suitable size, for example, amorphous
silicas, aluminosilicates, sodium calcium aluminum silicates,
crosslinked silicone polymers, and polymethylmethacrylates
to aid 1n machinability and winding. Suitable amounts range
from 0.03-0.5% by weight of the core layer with typical
particle sizes of 3.0-6.0 um 1n diameter.

Preferably, the second polyolefin-based skin layer includes
a propylene homopolymer, propylene copolymer (e.g. ethyl-
ene-propylene, propylene-butene, ethylene-propylene-
butene), ethylene homopolymer (preferably high density
polyethylene), or blends thereol. Preferably, this layer
includes at least S0 wt %, at least 70 wt % or at least 97 wt %
polyolefin. The second polyolefin skin layer also includes an
amount of tie-resin or compatibilizing resin which contains a
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polar functional group. Pretferably, this can be a maleic anhy-
dride-grafted propylene or ethylene-based polymer and can
be used 1n an amount of 2-30 wt % of the second skin layer.
This second polyolefin-based skin layer may be discharge-
treated on 1ts exposed surface so as to make it suitable for
other purposes such as printing, laminating, coating, or met-
allizing, with the latter preferred.

Antiblock particles of suitable size, for example, amor-
phous silicas, aluminosilicates, sodium calcium aluminum
silicates, crosslinked silicone polymers, and polymethyl-
methacrylates may be added to the second skin layer to aid in
machinability and winding. Suitable amounts range from
0.03-0.5% by weight of the core layer with typical particle
s1zes of 3.0-6.0 um 1n diameter.

Preferably, 11 a third skin layer 1s employed, the third skin
layer 1s a heat sealable PLA resin-containing layer compris-
ing an amorphous PLA of greater than 10 wt % D-lactic acid
units. The mmpact modifier/process aid ethylene-acrylate
copolymer may not be included 1n this layer, as the amor-
phous PLA may be oriented relatively easily. This first heat
sealable amorphous PLA resin-containing layer can also
include an antiblock component, for example, amorphous
silicas, aluminosilicates, sodium calcium aluminum silicates,
crosslinked silicone polymers, and polymethylmethacrylates
to aid in machinability and winding and to lower coetfficient of
triction (COF) properties. Suitable amounts range from 0.03-
0.5% by weight of the core layer with typical particle sizes of
3.0-6.0 um 1n diameter, depending on the final thickness of
this layer. Migratory slip additives may also be utilized to
control COF properties such as fatty amides (e.g. erucamide,
stearamide, oleamide, etc.) or silicone o1ls ranging from low
molecular weight oils to ultra high molecular weight gels.
Suitable amounts of slip additives to use can range from 300
ppm to 10,000 ppm of the layer.

In another embodiment the third PLA resin-contaiming,
layer may include a non-heat-sealable amorphous PLA such
as a crystalline PL A resin similar to that used in the second
PLA resin-containing core layer. In addition, various blends
of amorphous and crystalline PLA may be utilized at similar
rati10s as described for the core layer. In the case that a crys-
talline PLLA 1s used or a blend comprising crystalline PLA, an
amount of the ethylene-acrylate copolymer process aid may
be used, again 1n the amount of 2-10 wt % of this layer to
enable transverse orientation at high rates.

Preferably, this layer also contains antiblock particles
selected from the group consisting of amorphous silicas, alu-
minosilicates, sodium calcium aluminum  silicates,
crosslinked silicone polymers, and polymethylmethacrylates
to aid in machinability and winding. Suitable amounts range
from 0.03-0.5% by weight of the core layer and typical par-
ticle sizes of 3.0-6.0 um 1n diameter, depending on the final
thickness of this layer. Migratory slip additives may also be
utilized to control COF properties such as fatty amides (e.g.
erucamide, stearamide, oleamide, etc.) or silicone o1ls rang-
ing from low molecular weight oils to ultra high molecular
weight gels, or blends of fatty amides and silicone oil-based
materials. Suitable amounts of slip additives to use can range
from 300 ppm to 10,000 ppm of the layer. Preferably, this
non-heat sealable embodiment using an optional third PLA
resin-containing layer 1s a discharge-treated layer having a
surface for lamination, metallizing, printing, or coating with
adhesives or inks.

In the case where the above embodiments are to be used as
a substrate for vacuum deposition metallizing, 1t 1s recom-
mended that migratory slip additives not be used as these
types of materials may adversely atfect the metal adhesion or
metallized gas barrier properties of the metallized BOPLA
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f1lm. It 1s thought that as the hot metal vapor condenses on the
f1lm substrate, such fatty amides or silicone oils on the surface
of the film may vaporize and cause pin-holing of the metal-
deposited layer, thus compromising gas barrier properties.
Thus, only non-migratory antiblock materials should be used
to control COF and web-handling.

A further embodiment 1s to use a discrete tie-resin layer
interposed between the first PLA core layer and the second
polyolefin skin layer. Such a discrete tie-resin layer can be
advantageous by eliminating the need to blend tie-resins into
the polyolefin skin second layer and/or the main PLA core
layer for bonding. In this embodiment, the discrete tie-resin
interlayer includes the tie or compatibilizing resin and pret-
erably 1s a maleic anhydride grafted or copolymerized pro-
pylene or ethylene-based polymer. Another embodiment may
utilize a discrete tie-resin layer and also include blends of
tie-resin 1n either or both the PLA core first layer and poly-
olefin skin second layer.

For these multi-layer film structures described above, 1t 1s
preferable to discharge-treat the side of this multi-layer film
structure with the second polyolefin skin layer for lamination,
metallizing, printing, or coating, but preferably for metalliz-
ing. Discharge-treatment 1n the above embodiments can be
accomplished 1n several manners, including but not limited to
corona, tlame, plasma, or corona 1n a controlled atmosphere
of selected gases. Preferably, in one variation, the discharge-
treated surface has a corona discharge-treated surface formed
in an atmosphere of CO, and N, to the exclusion of O,. The
laminate film embodiments may further include a vacuum-
deposited metal layer on the discharge-treated layer’s sur-
face. Preferably, the metal layer has a thickness of about 5 to
100 nm, has an optical density of about 1.5 to 5.0, and
includes aluminum, although other metals can be utilized
such as titanium, vanadium, chromium, manganese, iron,
cobalt, nickel, copper, zinc, gold, or palladium, or alloys or
blends thereof.

Preferably, the laminate film 1s produced via coextrusion of
the polyolefin layer and the blended core layer and other
layers 1f desired, through a compositing die whereupon the
molten multilayer film structure 1s quenched upon a chilled
casting roll system or casting roll and water bath system and
subsequently oriented 1n the machine and/or transverse direc-
tion 1into an oriented multi-layer film. Machine direction ori-
entation rate 1s typically 2.0-3.0x and transverse direction
orientation 1s typically 3.0-5.0x. With the use of the ethylene-
acrylate impact modifier process aid in the core layer, trans-
verse direction orientation may be increased to 8.0-11.0x.
Heat setting conditions in the TDO oven are also utilized to
minimize thermal shrinkage etlfects.

All these examples can also be metallized via vapor-depo-
sition, preferably a vapor-deposited aluminum layer, with an
optical density of at least about 1.5, preferably with an optical
density of about 2.0 to 4.0, and even more preferably between
2.3 and 3.2.

Embodiments described herein include “hybnid” film
structures of substantially PLA-based films with a polyolefin-
based metal-receiving skin layer to allow improved moisture
barrier characteristics after metallizing. The invention can
maintain a significant amount of sustainable bio-based poly-
mer for an overall film content of ca. 90 wt % PLA and also
can maintain degradable properties under certain weathering
and environmental conditions.

Additional advantages of this mmvention will become
readily apparent to those skilled 1n the art from the following,
detailed description, wherein only some embodiments are
shown and described. As will be realized, this invention 1s
capable of other and different embodiments, and its details
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are capable of modifications in various obvious respects, all
without departing from this mmvention. Accordingly, the
examples and description are to be regarded as illustrative 1n
nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a picture showing the film of Example 1 after 65
days aging under disintegration test conditions of D-6400
(sub-group D-5338).

FIG. 2 1s a picture showing the film of Example 4 after 65
days aging under disintegration test conditions of D-6400
(sub-group D-5338).

FIG. 3 1s a picture showing the film of Comparative
Example 1 after 65 days aging under disintegration test con-
ditions of D-6400 (sub-group D-5338).

FIG. 4 1s a picture showing the film of Comparative

Example 2 after 65 days aging under disintegration test con-
ditions of D-6400 (sub-group D-5338).

DETAILED DESCRIPTION OF THE INVENTION

The described embodiments provide the attributes of using,
bio-based polymers, which may be from renewable and sus-
tainable resources, and polyolefin materials for improved
metallizing and barrier properties. The solutions involve
using a PLA base layer coextruded with a polyolefin skin
layer which 1s modified to become more polar or blended with
a polar-modified polyolefin. Another embodiment includes
coextruding a PLA base layer, a discrete polar-modified poly-
olefin tie layer and a polyolefin metal recerving layer. Such
structures, when metallized, have shown a significant
improvement in gas barrier properties, particularly for mois-
ture barrier, and maintain suitable degradable properties.

For useful protection of snack food products from staleness
and/or rancidity, and to ensure a reasonably adequate sheli-
life, 1t 1s preferable that these films have a moisture barrier
property of at least about 1.0 g/m*/day or better, and more
preferably, to have a moisture barrier property of about 0.50
g/m*/day or better, at 38° C. and 90% relative humidity (RH).
It 1s preferable to have an oxygen barrier of at least about 46.5
cc/m*/day, and more preferably 31 cc/m*/day or better, at 23°
C. and 0% RH.

In one embodiment, the laminate film 1ncludes a 2-layer
coextruded film of: 1) A mixed PLA resin core layer com-
prising a crystalline polylactic acid polymer and blended with
a minority amount of a polar tie-layer resin (the core layer
blend can also be optionally blended with an amount of an
amorphous PLA polymer, and an optional amount of ethyl-
ene-acrylate copolymer to help enable high transverse orien-
tation); and 2) A polyolefin metal recerving layer including a
propylene homopolymer, propylene copolymer, high density
polyethylene, or blends thereof, further blended with a minor-
ity amount of a polar tie-layer resin. The side of the polyolefin
metal recerving layer blend opposite the PLA core resin layer
may be discharge-treated.

Another embodiment of the laminate film 1ncludes a simi-
lar construction as above, except that a third PLA skin layer
may be disposed on the side of the crystalline PLA core layer
blend opposite the polyolefin blend metal receiving layer.
This third PL A layer can include either crystalline PLA resin
or amorphous PLA resin or blends thereof. In the case where
crystalline PLA resin 1s part of this layer’s formulation, an
amount of ethylene-acrylate copolymer can optionally be
incorporated as 1n the core layer formulation to help enable
high transverse orientation. Generally, 1t 1s preferable to use
an amorphous PLA to impart heat sealable characteristics to
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this film design. If using this layer as a non-heat sealable
layer, 1t 1s usually desirable to discharge-treat the exposed
surface of this third layer in order to provide further function-
ality as a surface to receive metallization, printing, coating, or
laminating adhesives.

A Turther embodiment of the film can include interposing a
discrete polar tie-resin layer between the PLA blend core
layer and the polyolefin blend metal recerving layer. In this
way, 1t 1s possible to forgo the addition of polar tie-resin in
either of the core or metal recerving layer. To ensure good
bonding between the PLA core layer and the interposed tie-
resin layer, some of the tie-resin can be added to the PLA core
layer. Similarly, 1t 1t 1s desired to ensure good bonding
between the interposed tie-resin layer and the polyolefin
metal receiving layer, some of the tie-resin can be added to the
polyolefin layer. Preferably, this layer includes at least 40 wt
%, at least 50 wt %, at least 70 wt %, or at least 90 wt %
polar-modified polyolefin.

The polylactic acid resin core layer may be a crystalline
polylactic acid of a specific optical 1somer content and can be
biaxially oriented. As described 1n U.S. Pat. No. 6,005,068,
lactic acid has two optical 1somers: L-lactic acid (also known
as (S)-lactic acid) and D-lactic acid (also known as (R)-lactic
acid). Three forms of lactide can be dertved from these lactic
acid 1somers: L,L-lactide (also known as L-lactide) and
which includes two L-lactic acid residuals; D,D-lactide (also
known as D-lactide) and which includes two D-lactic acid
residuals; and meso-lactide which includes one each of L. and
D-lactic acid residuals. The degree of crystallinity 1s deter-
mined by relatively long sequences of a particular residual,
either long sequences of L or of D-lactic acid. The length of
interrupting sequences 1s 1mportant for establishing the
degree of crystallinity (or amorphous) and other polymer
features such as crystallization rate, melting point, or melt
processability.

The crystalline polylactic acid resin i1s preferably one
including primarily of the L-lactide isomer with minority
amounts of either D-lactide or meso-lactide or combinations
of D-lactide and meso-lactide. Preferably, the minority
amount 1s D-lactide and the amount of D-lactide 1s 10 wt % or
less of the crystalline PLA polymer. More preferably, the
amount of D-lactide 1s less than about 5 wt %, and even more
preferably, less than about 2 wt %. Suitable examples of
crystalline PL A include Natureworks® Ingeo™ 40421 and
4032D. These resins have relative viscosity of about 3.9-4.1,
a melting point of about 163-173° C., a crystallization tem-
perature of about 100-120° C., a glass transition temperature
ofabout 55-62° C., a D-lactide content of about 4.25 wt % and
1.40 wt % respectively, density of about 1.25 g/cm’, and a
maximum residual lactide 1n the polylactide polymer of about
0.30% as determined by gas chromotography. Molecular
weight M. 1s typically about 200,000; M typically about
100,000; polydispersity about 2.0. Natureworks® 4032D 1s
the more preferred crystalline PL A resin, being more crystal-
line than 4042D and more suitable for high heat biaxial ori-
entation conditions. In addition, the 4042D PLA grade con-
tains about 1000 ppm of erucamide and for some
applications, particularly for gas barrier metallizing, may not
be suitable.

The core resin layer can be of any thickness after biaxial
orientation, but 1s typically 8 um to 100 um 1n thickness,
preferably between 10 um and 50 um, and more preferably
between about 15 um and 25 pm 1n thickness. A preferred
embodiment 1s to use the higher crystalline, higher L-lactide
content PLA (lower wt % D-lactide of about 1.40) such as
Natureworks® 4032D.
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The core layer may also include an amount of amorphous
PLA resin to improve further extrusion processing and ori-
ented film processing. The addition of amorphous PLA 1n the
core layer helps to lower extrusion polymer pressure and 1n
terms of film manufacturing, helps to reduce or slow crystal-
lization rate of the newly oniented film. This aids 1n the ori-

entation of the PL A {ilm 1 both MD and TD and helps reduce
defects such as uneven stretch marks. It also helps with the
slitting of the biaxially oriented film at the edge-trimming
section of the line by reducing the brittleness of the edge trim
and reducing the mstances of edge trim breaks which can be
an obstacle to good productivity.

The amorphous PLA is preferably based on an L-lactide
isomer with D-lactide content of greater than 10 wt %. A
suitable amorphous PLA to use 1s Natureworks® Ingeo™
4060D grade. This resin has a relative viscosity of about
3.25-3.75, T, of about 52-58° C., seal initiation temperature

of about 80° C., density of about 1.24 g/cm’, a D-lactide

content of about 12 wt %, and a maximum residual lactide in
the polylactide polymer of about 0.30% as determined by gas
chromatography. The molecular weight M 1s about 180,000.
Suitable amounts of amorphous PLA to use 1n the core are
concentrations of up to about 48 wt % of the core layer,
preferably up to about 30 wt % of the core layer, and even
more preferably about 15 wt % of the core layer. It should be
noted, however, that too much amorphous PLA 1n the core
layer (e.g. 50% or greater) can cause high thermal shrinkage
rates after biaxial orientation and 1n spite of heat-setting con-
ditions 1n the transverse orientation oven to make a thermally
stable film. A thermally, dimensionally stable 1s desired if the
substrate 1s to be used as a metallizing, printing, coating, or
laminating substrate. (However, 11 the BOPLA 1s desired as a
shrinkable film, this composition and appropriate processing
conditions might be suitable.)

Another optional component that can be blended into the
crystalline PLA core layer 1s a minority amount of ethylene-
acrylate copolymer to enable high transverse orientation rates
similar to that used 1n BOPP orientation, 11 desired. It may be
desirable to do this as the higher orientation rate may be
beneficial for profile control and surface smoothness of the
polyolefin metal receiving layer, particularly 11 a propylene
homopolymer or copolymer 1s chosen. Ethylene-acrylates are
of the general chemical formula of CH,—C(R")CO,R">
where R' can be hydrogen or an alkyl group of 1-8 carbon
atoms and R” is an alkyl group of 1-8 carbon atoms.

Ethylene-acrylate copolymers that may be utilized can be
based on ethylene-acrylate, ethylene-methacrylate, ethylene-
n-butyl acrylate-glycidyl methacrylate, ethylene-glycidyl
methacrylate, ethylene-butyl-acrylate, ethylene acrylic
esters, or blends thereof. Ethylene vinyl acetate (EVA) and
cthylene methacrylate (EMA) can also be utilized. Other
similar materials may also be utilized. As described 1n U.S.
Pat. No. 7,354,973, suitable compositions of the ethylene-
acrylate copolymers can be about 20-95 wt % ethylene con-
tent copolymernized with about 3-70 wt % n-butyl acrylate and
about 0.5-25 wt % glycidyl methacrylate monomers. A par-
ticularly suitable ethylene-acrylate copolymer of this type 1s
one produced by E. I. DuPont de Nemours and Company
Packaging and Industrial Polymers Biomax® Strong 120.
This additive has a density of about 0.94 g/cm’, a melt flow
rate of about 12 g/10 minutes at 190° C./2.16 kg weight, a
melting point of about 72° C., and a glass transition tempera-
ture of about -55° C. Other suitable ethylene-acrylate copoly-

mer 1mpact modifiers commercially available are: Dupont
Elvaloy® PTW, Rohm & Haas, Inc. BPM500, and Arkema,

Inc. Biostrength® 130.
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Suitable amounts of ethylene-acrylate copolymer to be
blended 1n the crystalline PLA-comprising core layer may
include from 2-10 wt % of the core layer, preferably 2-7 wt %
and more preferably, 3-5 wt %. At these concentrations,
acceptable clarity of the biaxially oriented film 1s maintained.
Too much ethylene-acrylate may cause haziness; too little
may not enable transverse orientation at 8-10x. Blending into
the core layer can be done most economically by dry-blend-
ing the respective resin pellets; 1t 1s contemplated that more
aggressive blending such as melt-compounding via single-
screw or twin-screw can result in better dispersion of the
cthylene-acrylate copolymer throughout the PLA matrix.

Either the core layer or the polyolefin skin layer, or both,
may be blended with a minority amount of a polar function-
alized tie-resin. Maleic anhydride-graited polymers may be
utilized and include, but are not limited to, those such as
maleic anhydrnide-grafted propylene homopolymers and
copolymers (e.g. ethylene-propylene, propylene-butene, eth-
ylene-propene-butene), maleic anhydride-grafted polyethyl-
enes (especially high density polyethylene), and maleic anhy-
dride-graited vinyl acetates or ethylene vinyl acetates. In
addition, maleic anhydride copolymers can be used, includ-
ing but not limited to those such as ethylene-butyl acrylate-
maleic anhydride copolymers. Preferably, maleic anhydride-
grafted propylene homopolymers or copolymers are
employed due to convenience and supply.

These same maleic anhydrnide-grafted resins and maleic
anhydride copolymers described above can also be used 1n
those embodiments where a discrete tie-resin layer is inter-
posed between the core PLA blend layer and the polyolefin
blend metal receiving layer.

Suitable maleic anhydride-grafted polymers include those
produced by: E.I. DuPont de Nemours and Company Fusab-
ond® series such as grade 353D maleic anhydrnide-gratted
cthylene-propylene random copolymer of melt tlow rate

about 22.4 g/10 minutes at 160° C./325 g, melting point of
about 136° C., and density of about 0.94 g/cm’; Mitsui
Chemical Company’s Admer® series maleic anhydride-
grafted polypropvlene such as grade QF500A of melt flow
rate of about 3.0 g/10 min at 230° C., 143° C. Vicat softening
point, and 0.12-0.15 wt % maleic anhydride content; DuPont
Bynel® series such as grade 3860 or 38E3536 maleic anhy-
dride-grafted vinyl acetates of, respectively, 5.7 and 3.5 melt
index at 190° C.,0.96 and 0.95 g/cm” density, melting point of
about 74 and 75° C., and Vicat softening point of about 48 and
49° C.; Arkema Orevac® series maleic anhydnde-grafted
cthylene vinyl acetates such as grade CA100 of 200 melt
index at 190° C., melting point of about 161° C., Vicat sofit-
ening point of about 146° C., and maleic anhydride content of
about 1.0 wt %; Arkema Orevac® series maleic anhydride-
graited polyethylenes such as grade 18390 of melt flow index
5.0 g/10 min at 190° C., density 0.885 g/cm’, melting tem-
perature of about 75° C., and Vicat softening point of about
52° C.

Suitable maleic anhydride copolymers include those pro-
duced by Arkema under the Lotader® tradename. These polar
tie-resins are ethylene polar terpolymers and the chemistry
and composition are different from anhydrnide-grafted poly-
olefins. The ethylene polar terpolymers are made through
polymerization with 3 co-monomers (1.e. ethylene, butyl or
methyl acrylate, and maleic anhydride or glycidil methacry-
late) and the polar functional groups are incorporated as part
of the polymer chain’s backbone. In contrast, the anhydride-
graited polyolefins are made by grafting the functional anhy-
dride groups onto the side chains of a polymer via radical
reactions.
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The degree 1n which anhydride groups can be grafted onto
polypropylene or ethylene-propylene copolymers 1s limited
because this radical reaction used 1n the grafting process
results 1n a competing reaction: chain scission of the polypro-
pylene backbone at the tertiary carbons. Normally, high
molecular weight anydride-grafted polypropylene or ethyl-
ene-propylene copolymer contains less than 1% of the any-
dride groups for this reason. According to the resin producer
Arkema (and formerly AtoFina) from references presented at
TAPPI Conference May 2003 “Adhesive Properties of Ethyl-
ene-Acrylic Ester-Maleic Anhydride Terpolymers in Extru-
s1on Coating/Lamination’ and product literature presentation
materials May 2005 “Lotader: Ultra Versatile Adhesives for
Extrusion Coating and Extrusion Lamination Technologies”,
the low co-monomer content (e.g. 10% or less butyl acrylate
or methyl acrylate co-monomer) versions of these ethylene
polar terpolymers have shown poor effectiveness as a tie-
layer for polypropylene and polar resins and thus, have not
been used 1n oriented polypropylene film applications.

High co-monomer content (e.g. 16-25% butyl acrylate or
methyl acrylate co-monomer) ethylene polar terpolymers are
elfective for bonding to polypropylene substrates. Such high
co-monomer content ethylene polar terpolymers have a melt-
ing point lower than the low content co-monomer versions
(77-90° C.vs. 105-107° C. respectively), the material 1s much
softer (modulus 20-60 MPa vs. 110-120 MPa respectively)
and stickier (Vicat softening point 40-55° C. vs. 65-80° C.
respectively). Lotader® grades such as 4210 of 3.1 wt %
maleic anhydride content, 9.0 melt flow rate at 190° C., melt-
ing point 102° C., density 0.94 g/cm”; other grades such as
4403, 4503, and 4603 can also be considered which have
varying amounts of maleic anhydride content and melting
points. Suitable amounts of tie-resin to be mcorporated 1nto
either the metal receiving layer or the core layer, or both
layers, 1s 5-30 wt % of the respective layer, preferably 10-20
wt %.

Preferred polar tie-resins are the maleic anhydride-grafted
vinyl acetates such as the DuPont Bynel® grade 3860. A
preferred embodiment 1s to use this grade as a discrete tie-
resin layer interposed between the PLA blend core layer and
the polyolefin metal receiving layer. The amount o1 3860 to be
used as a tie-resin layer 1s about 100 wt % of the tie-resin
layer. If this preferred embodiment 1s employed, the thickness
ol this tie-resin layer after biaxial orientation may 0.5-3.0 um
thick, preferably 0.75-1.0 um thick.

The polyolefin metal receiving layer may include propy-
lene homopolymer, “mini-random™ propylene homopolymer
(1.e. a specilic class of ethylene-propylene copolymers
whereby the ethylene content of the polymer 1s less than 1.0
wt %, typically about 0.3-0.8 wt %), ethylene-propylene
copolymers, butene-propylene copolymers, ethylene-propy-
lene-butene copolymers, ethylene homopolymers (particu-
larly high density and medium density polyethylene), or
blends thereot, the preferred being a mini-random propylene
homopolymer of about 0.6 wt % ethylene content of the
polymer. In the embodiment where no discrete tie-resin layer
1s used to bond this polyolefin-based metal receiving layer to
the PLA-based core layer, the tie-resin (as described previ-
ously) 1s preferably added to the polyolefin-based metal
receiving layer 1n an amount of 5-30 wt % of the layer.

It 1s often desirable to add an amount of antiblocking agent
to the metal receiving layer for aiding machinability and
winding. An amount of an morganic antiblock agent can be
added 1n the amount of 100-1000 ppm of the polyolefin-based
resin layer, preferably 300-600 ppm. Preferred types of anti-
block are spherical sodium aluminum calcium silicates or an
amorphous silica of nominal 6 um average particle diameter,
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but other suitable spherical inorganic antiblocks can be used
including crosslinked silicone polymer or polymethyl-
methacrylate, and ranging in size from 2 um to 6 um. Pre-
ferred 1s a nominal 3 um spherical sodium aluminum calcium
silicate manufactured by Mizusawa Chemicals under the
tradename Silton® JC-30.

In some embodiments, the metal receiving polyolefin-
based resin layer may be surface treated on the side opposite
the core layer with an electrical corona-discharge treatment
method, tlame treatment, atmospheric plasma, or corona dis-
charge 1n a controlled atmosphere of nitrogen, carbon diox-
1ide, or a mixture thereof, with oxygen excluded and 1ts pres-
ence minimized. The latter method of corona treatment 1n a
controlled atmosphere of a mixture of nitrogen and carbon
dioxide 1s particularly preferred. This method results 1n a
treated surface that includes nitrogen-bearing functional
groups, preferably at least 0.3 atomic % or more, and more
preferably, at least 0.5 atomic % or more. This treated surface
layer 1s then well suited for subsequent purposes of metalliz-
ing, printing, coating, or laminating, preferably metallizing.

Some embodiments may include an additional skin layer
on the side ol the core layer opposite the metal recerving layer,
this additional coextruded skin layer may be a heat sealable
resin layer including an amorphous polylactic acid polymer.
The heat sealable resin layer can be coextruded on one side of
the core layer opposite the metal receiving layer, the heat
sealable layer may have a thickness after biaxial orientation
of between 0.5 and 5 um, preferably between 1.0 and 2.0 um.

As previously described, the amorphous PLA 1s preferably
based on a L-lactide 1somer with D-lactide content of greater
than 10 wt %. A suitable amorphous PLA to use may be
Natureworks® Ingeo™ 4060D grade. Thisresin has arelative
viscosity of about 3.25-3.75, T, of about 52-58° C., seal
initiation temperature of about 80° C., density of about 1.24
g/cm’, a D-lactide content of about 12 wt %, and a maximum
residual lactide 1n the polylactide polymer of about 0.30% as
determined by gas chromatography. The molecular weight
M, 1s about 180,000. The preferred amount to be used as a
heat sealable skin layer 1s about 100 wt % of the layer. It 1s
also preterred to add an amount of 1norganic antiblock to this
layer to aid in web-handling, COF control, film winding, and
static control, among other properties. Suitable amounts may
include 1000-5000 ppm of the heat sealable resin layer, pret-
erably 3000-5000 ppm.

Preferred types of antiblock are spherical crosslinked sili-
cone polymers such as Toshiba Silicone’s Tospearl® grades
of polymethlysilsesquioxane of nominal 2.0 and 3.0 um sizes.
Alternatively, sodium aluminum calcium silicates of nominal
3 um 1n diameter can also be used (such as Mizusawa Silton®
JC-30), but other suitable spherical inorganic antiblocks can
be used including polymethylmethacrylate, silicas, and sili-
cates, and ranging 1n size from 2 um to 6 um. Migratory slip
agents such as fatty amides or silicone o1ls can also be added
to the heat seal resin layer of types and quantities mentioned
previously if lower COF 1s desired. However, 1f the films are
to be used for metallizing, the use of migratory slip additives
may be avoided 1n order to maintain metallized barrier prop-
erties and metal adhesion.

The coextrusion process includes a multi-layered compos-
iting die, such as a two-, three-, or four-layer die (or more). In
the case of a 2-layer coextruded film, a two-layer compositing
die can be used. One embodiment 1s to coextrude 1n only two
layers with only the blended PL A core layer and the polyole-
fin-based metal recerving layer coextruded on one side of the
core layer. Either one or both of these layers may incorporate
the tie-resin component. In this case, the core layer side
opposite the metal recerving layer can be further modified by
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adding morganic antiblock particles into the core layer itself
and can also be surface-treated via a discharge-treatment
method 11 so desired.

In the case of a 3-layer coextruded film, a 3-layer compos-
iting die can be used whereby the PLA polymer blend core
layer can be sandwiched between the heat sealable (or other
tunctional purpose) PLA resin layer and the polyolefin-based
metal receiving layer. For this case, the polar functionalized
tie-resin may be icorporated into either the core layer or the
metal receiving layer, or both layers.

In the case of a 4-layer coextruded film, a 4-layer compos-
iting die may be used whereby the PLA-based core layer 1s
coextruded upon one side of the amorphous PLA heat seal-
able layer or other functional coextruded PLA layer as
desired; upon the opposite side of the core layer, a tie-resin
layer may be coextruded; and upon the side of this tie-resin
layer opposite the core layer side, the polyolefin-based metal
receiving layer may be coextruded.

If the three-layer or four-layer coextruded film embodi-
ment 1s chosen, the additional layer coextruded on the core
layer opposite the metal recerving layer (or tie-resin and metal
receiving layers) may be a heat sealable resin layer, having a
thickness after biaxial orientation between 0.5 and 5 um,
preferably between 0.5 and 3 um, and more preferably
between 1.0 and 2.0 um. A suitable material for this layer may
be a crystalline PLA or amorphous PLA or blends thereof, as
described earlier 1n the description. If amorphous PLA 1s
used, the same suitable resin grade used for the heat sealable
layer may be employed (e.g. Natureworks® 4060D). If crys-
talline PL A 1s used, the same suitable grades as used for the
core layer may be employed such as Natureworks® 4042D or
4032D, with the 4032D grade preferred in general. Addition-
ally, blends of both crystalline and amorphous PLA may be
utilized for this layer, similar to previously described formu-
lations for the core layer, but not limited to those descriptions.
For example, the ratio ol amorphous PL A to crystalline PLA
tor this third skin layer may range from 0-100 wt % amor-
phous PLA and 100-0 wt % crystalline PLA. In those embodi-
ments 1n which crystalline PLA 1s used 1n the third layer, an
optional amount of ethylene-acrylate copolymer can be used
as described previously, 1n order to ensure the ability to trans-
versely orient this layer at high orientation rates. A suitable
amount ol ethylene-acrylate copolymer to use 1n this skin
layer may be 2-10 wt %, preferably 2-7 wt % and, more
preferably, 3-5 wt %. The use of various blends of amorphous
and crystalline PLA 1n this layer may make 1t more suitable
for printing, metallizing, coating, or laminating, and the exact
rat1o of the blend can be optimized for these different appli-
cations.

This additional layer may also contain an anti-blocking
agent and/or slip additives for good machinability and a low
coellicient of friction. Suitable amounts imnclude about 0.01-
0.5% by weight of the third layer, preferably about 250-1000
ppm. Preferably, non-migratory inorganic slip and/or anti-
block additives as described previously should be used to
maintain gas barrier properties and metal adhesion 1f metal-
lizing, or ink wetting and ink adhesion 1f printing.

In addition, another embodiment includes replacing the
heat sealable amorphous PL A layer with a non-sealable PLA
layer. In this vanation, amorphous or crystalline PLA may be
used, or blends thereof. In the case of making this layer
non-sealable, preferably crystalline PLA should be used,
either by itself or as the majority component of a blend with
amorphous PLA. As discussed previously, if crystalline PLA
1s used for this layer, an optional amount of ethylene-acrylate
copolymer can be used as part of this layer to aid high trans-
verse orientation rates. Suitable amounts of ethylene-acrylate
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copolymer to use 1n this skin layer 1s 2-10 wt %, preferably
2-7 wt % and, more preferably, 3-5 wt %. Preferably, non-
migratory 1organic slip and/or antiblock additives as
described previously should be used to maintain gas barrier
properties and metal adhesion 1f metallizing, or 1nk wetting
and 1nk adhesion 1f printing. It 1s also preferred to add an
amount of iorganic antiblock to this layer to aid in web-
handling, COF control, film winding, and static control,
among other properties. Suitable amounts would be about
1000-5000 ppm of the this non-eat sealable resin layer, pret-
erably 3000-35000 ppm. Preferred types of antiblock are
spherical crosslinked silicone polymer such as Toshiba Sili-
cone’s Tospearl® grades of polymethlysilsesquioxane of
nominal 2.0 and 3.0 um sizes. Alternatively, sodium alumi-
num calcium silicates of nominal 3 um 1n diameter can also be
used (such as Mizusawa Silton® JC-30), but other suitable
spherical inorganic antiblocks can be used including polym-
cthylmethacrylate, silicas, and silicates, and ranging 1n size
from 2 um to 6 um. It 1s often preferred to discharge-treat the
exposed side of this layer so as to enable adequate adhesion
and wet-out of adhesives or inks or coatings to this side. In
particular, cold seal latexes can be applied to this discharge-
treat surface.

The multilayer coextruded films of the mvention can be
made either by sequential biaxial orientation or simultaneous
biaxial orientation which are well-known processes 1n the art.
Ona 1.5 meter wide sequential orientation line, the multilayer
coextruded laminate sheet may be coextruded at melt tem-
peratures of about 190° C. to 215° C. as appropriate for the
layer resin composition (1.e. whether the specific extruder 1s
processing predominantly PLLA or polyolefin resin blend) and
cast and pinned—using electrostatic pinning—onto a cooling
drum whose surface temperature may be controlled between
15° C. and 26° C. to solidily the non-ornented laminate sheet
at a casting speed of about 6 mpm. The non-oriented laminate
sheet may be stretched first 1n the longitudinal direction at
about 40° C. to 65° C. at a stretching ratio of about 2 to about
4 times the original length, preferably about 3.0 times, using
differentially heated and sped rollers and the resulting
stretched sheet may be heat-set at about 40-45° C. on anneal-
ing rollers and cooled at about 25-40° C. on cooling rollers to
obtain a umaxially oriented laminate sheet. The umaxially
oriented laminate sheet may then introduced 1nto a tenter at a
linespeed of about 18-50 mpm and preliminarily heated
between 65° C. and 75° C., and stretched 1n the transverse
direction at a temperature of about 75-105° C. and at a stretch-
ing ratio of about 3 to about 8 times, preferably 3-5 times, the
original length and then heat-set or annealed at about 115-
145° C. to reduce internal stresses due to the ornentation and
minimize shrinkage and give a relatively thermally stable
biaxially oriented sheet. TD orientation rates were adjusted
by moving the transverse direction rails in or out per specified
increments.

The biaxially oriented film has a total thickness between 10
and 100 um, preferably between 15 and 30 um, and most
preferably between 20 and 25 um. For simultaneous orienta-
tion, the machine direction and transverse direction stretching
are done simultaneously using a specially designed tenter-
frame and clip and chain design which obviates the need for
a machine direction orienter of driven and heated rollers.

One embodiment 1s to metallize the discharge-treated sur-
face of the metal recerving layer opposite the core layer or, 1n
the case of the embodiment 1n which a discrete tie-resin layer
1s used, opposite the tie-resin layer. The unmetallized lami-
nate sheet may be first wound 1n a roll. The roll may then be
placed in a vacuum metallizing chamber and the metal vapor-
deposited on the discharge-treated metal recerving layer sur-
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face. The metal film may include titanium, vanadium, chro-
mium, manganese, 1ron, cobalt, mickel, copper, zinc,
aluminum, gold, or palladium, the preferred being aluminum.
Metal oxides can also be utilized, the preferred being alumi-
num oxide. The metal layer shall have a thickness between 5
and 100 nm, preferably between 20 and 80 nm, more prefer-
ably between 30 and 60 nm; and an optical density between
1.5 and 3.0, preferably between 2.0 and 4.0, more preferably
between 2.2 and 3.2. The metallized film may then be tested
for oxygen and moisture gas permeability, optical density,
metal adhesion, metal appearance and gloss, heat seal perior-
mance, tensile properties, thermal dimensional stability, and
can be made 1nto a laminate structure.

This invention will be better understood with reference to
the following examples, which are intended to 1llustrate spe-
cific embodiments within the overall scope of the invention.

EXAMPLE 1

A 4-layer coextruded biaxially oriented PLA film was
made using sequential orientation on a 1.5 meter wide tenter
frame line, comprising a core layer (B) of Natureworks®
4032D crystalline PLA at about 70 wt % of the core layer and
dry-blended with about 30 wt % of Natureworks® 4060D
amorphous PLA. The coextruded metal recerving layer (A)
including about 100 wt % of the layer of a propylene
homopolymer Total Petrochemicals 3576X of nominal 9.0
melt tlow rate at 230° C. The coextruded heat sealable skin
layer (C) including substantially of Natureworks® 4060D at
about 94 wt % of the skin layer. An antiblock masterbatch of
5> um silica at a loading of 5 wt % of the masterbatch 1n a
carrier resin of amorphous PLA (4060D) was added to the
coextruded heat sealable skin layer at about 6 wt % of the skin
layer for an effective antiblock loading of 3000 ppm. This
antiblock masterbatch was provided by Clariant Oman®
bl-698585. The tie-resin layer (D) including about 100 wt %
of this layer of a maleic anhydrnide-grafted vinyl acetate
DuPont Bynel® 3860.

The total thickness of this film substrate after biaxial ori-
entation was ca. 70G or 0.7 mil or 17.5 um. The thickness of
the respective heat sealable resin layer (C) after biaxial ori-
entation was ca. 6G (1.5 um). The thickness of the core layer
(B) after biaxial orientation was ca. 57G (14.25 um). The
thickness of the metal receiving layer (A) was ca. 4G (1.0 um)
alter biaxial orientation. The thickness of the tie-resin layer
(D) was ca. 3G (0.75 um) after biaxial orientation.

The heat sealable layer (C) and the core layer (B) were melt
processed at nominal 380° F. and 400° F. (193° C. and 204°
C.), respectively. The metal recerving layer (A) and tie-resin
layer (D) were melt processed at nominal 400° F. (204° C.).
The 4-layer co-extrudate was passed through a flat die to be
cast on a chill drum of 60° F. (15.5° C.) using an electrostatic
pinner. The formed cast sheet was passed through a series of
heated rolls at 110-145° F. (43-63° C.) with differential
speeds to stretch i the machine direction (MD) at ca. 3.25x%
stretch ratio. This was followed by transverse direction (1TD)
stretching at ca. 4.0x stretch ratio 1n the tenter oven at 153-
180° F. (68-82° C.) and heat-set or annealed to reduce film
shrinkage effects at ca. 200° F. (93° C.). The resultant biaxi-
ally oriented film was subsequently discharge-treated on the
metal recerving skin (A) layer’s surface opposite the tie-resin
layer (D) via corona treatment. The film was then wound up 1n
roll form.

The 4-layer film roll was then metallized via vapor depo-
sition processes well known 1n the art. The test rolls were
placed 1nside a vacuum chamber metallizer for vapor depo-
sition metallization using aluminum. The rolls were then
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metallized to a nominal optical density target of 2.4. The
metallized rolls were then slit on a film slitter and tested for
properties.

EXAMPLE 2

A process similar to Example 1 was repeated except that
the metal recerving layer (A) including a blend of about 80 wt
% of Total Petrochemical propylene homopolymer 3576X
and about 20 wt % of Total Petrochemicals ethylene-propy-
lene random copolymer 8573 of nominal 7/10 minutes at
230° C. and ca. 4.5 wt % ethylene content.

EXAMPLE 3

A process similar to Example 2 was repeated except that
the tie-resin layer (D) was changed to Arkema Orevac®
18390 maleic anhydride-grafted polyethylene.

EXAMPLE 4

A 3-layer coextruded biaxially oriented PLA film was
made using sequential orientation on a 1.5 meter wide tenter
frame line, comprising a core layer (B) of Natureworks®
4032D crystalline PLLA at about 70 wt % of the core layer and
dry-blended with about 30 wt % of Natureworks® 4060D
amorphous PLA. The coextruded metal receiving layer (A)
including a blend of about 80 wt % of the layer of a propylene
homopolymer Total Petrochemicals 3576X and 20 wt % of
DuPont Fusabond® 353D maleic anhydnide-grafted ethyl-
ene-propylene copolymer. The coextruded heat sealable skin
layer (C) including substantially of Natureworks® 4060D at
about 94 wt % of the skin layer. An antiblock masterbatch of
5> um silica at a loading of 5 wt % of the masterbatch 1n a
carrier resin of amorphous PLA (4060D) was added to the
coextruded heat sealable skin layer at about 6 wt % of the skin
layer for an effective antiblock loading of 3000 ppm. This

antiblock masterbatch was provided by Clariant Oman®
bl-698383.

The total thickness of this film substrate after biaxial ori-
entation was ca. 70G or 0.7 mil or 17.5 um The thickness of
the respective heat sealable resin layer (C) after biaxial ori-
entation was ca. 6G (1.5 um). The thickness of the core layer

(B) after biaxial orientation was ca. 60G (15 um). The thick-
ness of the metal recerving layer (A) was ca. 4G (1.0 um) after
biaxial orientation.

The heat sealable layer (C) and the core layer (B) were melt
processed at nominal 380° F. and 400° F. (193° C. and 204°
C.), respectively. The metal receiving layer (A) was melt
processed at nominal 400° F. (204° C.). The 3-layer co-ex-
trudate was passed through a flat die to be cast on a chill drum
of 60° F. (15.5° C.) using an electrostatic pinner. The formed
cast sheet was passed through a series of heated rolls at
110-145° F. (43-63° C.) with differential speeds to stretch 1n
the machine direction (MD) at ca. 3.25x stretch ratio. This
was lollowed by transverse direction (TD) stretching at ca.
4 .0x stretch ratio 1n the tenter oven at 1535-180° F. (68-82° C.)
and heat-set or annealed to reduce film shrinkage effects at ca.
200° F. (93° C.). The resultant biaxially oriented film was
subsequently discharge-treated on the metal recerving skin
(A) layer’s surface opposite the core layer (B) via corona
treatment. The film was then wound up 1n roll form.
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The 3-layer film roll was then metallized via vapor depo-
sition processes well known 1n the art. The test rolls were
placed inside a vacuum chamber metallizer for vapor depo-
sition metallization using aluminum. The rolls were then
metallized to a nominal optical density target of 2.4. The
metallized rolls were then slit on a film slitter and tested for
properties.

EXAMPLE 5

A process similar to Example 4 was repeated except that
the tie-resin used in the metal receiving layer (A) was
changed to Arkema Lotader® 4210 ethylene polar terpoly-
mer at 20 wt % of the layer.

COMPARAIIVE EXAMPLE 1

A process similar to Example 1 was repeated except that
the metal recerving layer (A) was changed to about 100 wt %

Nature Works® 4032D PLA.

COMPARAIIVE EXAMPLE 2

A commercially available 17.5 um 3-layer coextruded and
metallized biaxially oriented polypropylene film produced by
Toray Plastics (America), Inc. under the tradename “PWX3”
was compared, using its typical values for barrier properties.
The metal recerving layer (A) of about 1 um thickness and
corelayer (B) of about 15 um thickness included about 100 wt
% of propylene homopolymer or “mini-random”™ homopoly-
mer. The third layer (C) of about 1.5 um thickness included
about 100 wt % of a heat sealable ethylene-propylene-butene
copolymer containing 4000 ppm of a nominal 2.0 um
crosslinked silicone polymer antiblock.

The metallized properties of the Examples (“Ex”) and
Comparative Examples (“CEX.”) are shown in Table 1.
Unmetallized versions of representative Examples and Com-
parative Examples were tested for degradability under ASTM
test procedure D-6400 for compostable plastics. Degradation
results are shown after the test was partially completed at 65

days in Table 2 and FIGS. 1-4.

TABL.

L]

1

5

10

15

20

25

30

35

Fxample Laver Composition (wt % of laver)

Layer A Layer D Layer B Layer C
metal-receiving tie-layer core heat seal
Ex. 1 PP Total 3576X Bynel 3860 PLA 4032D PLA4060D
(100%) (100%) (70%) (94%)
PLA 4060D  bl-698585 (6%)
(30%)
Ex. 2 PP Total 3576X Same as Bx 1 Same as BEx 1 same as 'x 1
(80%)
EPC Total 8573
(20%)
Ex. 3 Same as BEx 2 Orevac 18390 Same as BEx 1 same as 'x 1
Ex. 4 PP Total 3576X NA PLA 4032D PLA4060D
(80%) (70%) (94%)
tie Fusabond PLA 4060D  bl-698585 (6%)
353D (30%)
(20%)
Ex. 5 PP Total 3576X NA same as kx 4 same as bx 4
(80%)
tie Lotader 4210
(20%)
CEXx. PLLA 4032D NA same as Ex 1 same as bx 1
1 (100%)
CEx. PP NA PP EPB copolymer
2 (100%) (100%) (100%)

*Per ASTM test procedure D-6400

18

TABLE 2
65 days aging under ASTM D6400 degradability  Interpre-
Observer Comments tation
Ex 1 Fragmenting, turning brown, white deposits Sample is
forming, opacifying, brittle degrading
Ex 4 Fragmenting, turning brown, gauze-like Sample is
appearance including holes, brittle degrading
CEx 1 Inpieces less than 1 mm in size, Sample
basically gone degraded
CEx 2  Unchanged from beginning of test, No
shiny, undamaged, transparent, intact, flexible degradation

As Table 1 shows, Comparative Example 1 (CEXx. 1), which
1s a control film using crystalline PLA Natureworks® 4032D
at 100 wt % of the core layer (B) and metal receiving layer (A)
and substantially 100 wt % amorphous PLA Natureworks®
4060D for the sealant layer (C), had relatively poor moisture
barrier of 1.20 g/m~/day. Oxygen barrier was good at about 25
cc/m?/day. CEx. 1—being composed of about 100 wt % PLA
biopolymer—and exhibited excellent degradability after 65
days exposure per ASTM D6400 disintegration conditions
D-5338 as shown in Table 2 and FIG. 3.

Comparative Example 2 (CEX. 2) shows a second control
film that includes 100 wt % propylene homopolymer and
propylene copolymers of the entire film. Typical moisture and
oxygen barrier is excellent at 0.15 g/m*/day and 15.5 cc/m™/
day, respectively as shown 1n Table 1. Degradability under
ASTM D6400 after 65 days, however, 1s practically non-
existent and the film has basically remained unchanged as
shown 1n Table 2 and FIG. 4. This 1s not surprising as CEx 2
1s composed substantially of 100 wt % petroleum-based poly-
mers. It 1s not expected that CEx. 2 will degrade at all when
the ASTM D6400 test 1s completed at the 180-day mark.

Examples 1-3 (Ex 1-3) are embodiments of 4-layer coex-
truded film designs using difierent tie-resin layers and poly-
olefin metal receiving layer compositions. As Table 1 shows,
these Examples exhibited very good improvements 1n mois-
ture barrier, being under 1.0 g¢/m*/day, with values below 0.5
g/m~/day. Oxygen gas barrier was also good, being below 31
cc/m*/day. Degradability under disintegration test conditions

Bio-resin
MVTR O2TR content  Degrad-
o/m?/day cc/m®/day (Wt %) able™
0.44 28.6 90 Yes
0.25 29.3 90 Yes
0.36 24.3 90 Yes
0.80 46.3 94.3 Yes
0.73 29.0 94.3 Yes
1.20 25.2 100 Yes
0.15 15.5 0 No
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of D-6400 (sub-group D-5338) shows that these Examples
are showing fragmentation and strong signs ol degradation
alter 65 days aging 1n Table 2 and FIG. 1. As these Examples
are composed of about 90 wt % PLA biopolymer, this degra-
dation was expected. It 15 expected that when the test i1s
completed to 180 days, these Examples will have completely
degraded.

Examples 4-5 (Ex. 4-5) are embodiments of 3-layer coex-
truded films using different tie-resins blended in with the
polyolefin metal receiving layer. As Table 1 shows, these
Examples exhibited satisfactory improvements in moisture
barrier, being under 1.0 g/m*/day. Oxygen gas barrier was
also satisfactory, being below 46.5 cc/m*/day. Degradability
under disintegration test conditions of D-6400 (sub-group
D-5338) shows that these Examples are showing fragmenta-
tion and strong signs of degradation after 65 days aging in
Table 2 and FIG. 2. As these Examples are composed of about
94 wt % PL A biopolymer, this degradation was expected. It1s
expected that when the test 1s completed to 180 days, these
Examples will have completely degraded.

Thus, of the foregoing Examples and Comparative
Examples, only the inventive Examples which used a novel
combination of a polyolefin-based metal recerving layer com-
bined with a tie-resin blend or tie-resin layer, and a PLA
biopolymer core layer demonstrate the desired improvement
in moisture barrier while maintaining a high percentage of
biopolymer (90 wt % or more) and desirable degradable
properties. These attributes make the inventive Examples
suitable for “green” packaging applications.

Test Methods

The various properties in the above examples were mea-
sured by the following methods:

Moisture transmission rate of the film was measured by
using a Mocon PERMATRAN 3/31 unit substantially in
accordance with ASTM F1249. In general, preferred values
of MVTR would be less than 1.0 g/m*/day and preferably 0.5
g/m>/day or less at 1001F (38° C.) and 90% relative humidity.

Oxygen transmission rate of the film was measured by
using a Mocon OXTRAN 2/20 unit substantially 1n accor-
dance with ASTM D3985. In general, preferred values of
O, TR would be equal or less than 46.5 cc/m*/day and pref-
erably 31 cc/m?/day or less at 73° F. (23° C.) and 0% relative
humidity.

Bio-resin content of the film was calculated by taking the
percentage ol bio-polymer resin content versus non-bio-poly-
mer resin content of the desired film design.

Degradability of the film was measured substantially in
accordance with ASTM procedure D-6400 “Compostable
Plastics,” sub-group procedure D-35338 “Disintegration Test.”
This ASTM procedure 1s also known as ISO 1629 1n the
International Standards test procedures. In essence, the test
films are aged under composting conditions of 58° C. for 180
days maximum duration 1n a compost medium and films are
observed and rated for disintegration.

This application discloses several numerical ranges in the
text and figures. The numerical ranges disclosed inherently
support any range or value within the disclosed numerical
ranges even though a precise range limitation 1s not stated
verbatim 1n the specification because this mvention can be
practiced throughout the disclosed numerical ranges.

The above description 1s presented to enable a person
skilled 1n the art to make and use the mvention, and 1s pro-
vided in the context of a particular application and 1ts require-
ments. Various modifications to the preferred embodiments
will be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other
embodiments and applications without departing from the
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spirit and scope of the invention. Thus, this mvention 1s not
intended to be limited to the embodiments shown, but 1s to be
accorded the widest scope consistent with the principles and
teatures disclosed herein. Finally, the entire disclosure of the
patents and publications referred in this application are
hereby incorporated herein by reference.

What 1s claimed as new and desired to be protected by
Letters Patent of the United States 1s:

1. A coextruded multilayer film comprising:

a core layer consisting essentially of polylactic acid;

a polyolefin skin layer comprising at least 50 wt % poly-
olefin, wherein the polyolefin skin layer 1s coextruded
with the core layer; and

a metal layer on the polyolefin skin layer.

2. The film of claim 1, wherein the polyolefin skin layer
comprises polar polyolefin.

3. The film of claim 1, wherein the film comprises at least
50 wt % polylactic acid.

4. The film of claim 1, wherein the film has a moisture
barrier property of at least 1.0 g/m*/day or better at 38° C. and
90% relative humidity.

5. The film of claim 1, wherein the film has an oxygen
barrier of at least about 46.5 cc/m?/day at 23° C. and 0%
relative humidity.

6. A multilayer film comprising:

a core layer consisting essentially of polylactic acid;

a tie layer comprising a polar polyolefin;

a skin layer comprising polyolefin, wherein the multilayer

f1lm comprises at least S0 wt % polylactic acid; and

a metal layer on the skin layer.

7. The film of claim 6, wherein the core layer, the tie layer,
and the skin layer are coextruded.

8. The film of claim 6, wherein the tie layer comprises at
least 50 wt % polar polyolefin.

9. The film of claim 6, wherein the skin layer comprises at
least 50 wt % polyolefin.

10. The film of claim 6, wherein the film has a moisture
barrier property of at least 1.0 g/m*/day or better at 38° C. and
90% relative humidity.

11. The film of claim 6, wherein the film has an oxygen
barrier of at least about 46.5 cc/m~/day at 23° C. and 0%
relative humidity.

12. A method of making a multilayer film comprising:

coextruding a core layer consisting essentially of polylac-
tic acid and a polyolefin skin layer comprising at least 50
wt % polyolefin, wherein the multilayer film comprises
at least 50 wt % polylactic acid; and

depositing a metal layer on the polyolefin skin layer.

13. The method of claim 12, further comprising co-extrud-
ing a tie layer comprising a polar polyolefin between the core
layer and the skin layer.

14. The method of claim 12, wherein the polyolefin skin
layer comprises polar polyolefin.

15. The method of claim 12, wherein the film has a mois-
ture barrier property of at least 1.0 g/m~/day or better at 38° C.
and 90% relative humadity.

16. The method of claim 12, wherein the film has an oxy-
gen barrier of at least about 46.5 cc/m~/day at 23° C. and 0%
relative humidity.

17. A method of making a multilayer film comprising:

coextruding a core layer consisting essentially of polylac-
tic acid, a tie layer comprising a polar-modified polyole-
fin, and a skin layer comprising polyolefin, wherein the
multilayer film comprises at least 50 wt % polylactic
acid and depositing a metal layer onto the skin layer.

G o e = x
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